In this study, the inhibitory effect of Elephantopus mollis H.B. and K. extract on melanogenesis in B16 murine melanoma cells was examined and possible mechanisms were elucidated. The melanin content in B16 cells decreased when they were treated with E. mollis extract. Inhibition was accompanied by reduced expression of tyrosinase (TYR) and tyrosinaserelated protein 1 (TRP1). Furthermore, the expression level of microphthalmia-associated transcription factor (MITF), a major transcriptional regulator of genes encoding melanogenic enzymes such as Tyr and Trp1, decreased as assessed by western blotting and quantitative reverse transcriptase polymerase chain reaction (RT-PCR). These results suggest that E. mollis extract reduces melanogenesis by downregulating Mitf expression, leading to reduced expression of Tyr and Trp1. In addition, melanocortin-1 receptor (MC1R) expression was downregulated by E. mollis extract, suggesting desensitization to -melanocyte-stimulating hormone (-MSH) of cells treated with the extract.
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Melanin protects the skin against ultraviolet (UV)induced skin damage through its optical and chemical properties, 1) and effectively scavenges reactive oxygen species, toxic free radicals, and metal ions, 2) but aberrant production and accumulation of it can result in skin hyperpigmentation, 3) which often causes esthetic problems. Thus, the ability to inhibit melanogenesis effectively is important in regulating pigmentation and skin whitening. 4, 5) Melanogenesis begins with extracellular stimuli, such as UV light, X-rays, and chemicals, including -melanocyte-stimulating hormone (-MSH). 6) The enzymes tyrosinase (TYR), tyrosinase-related protein 1 (TRP1), and tyrosinase-related protein 2 (TRP2), collectively referred to as the tyrosinase gene family, are essential in the overall production of melanin. [7] [8] [9] [10] [11] TYR is the key enzyme in the synthesis of the two types of melanin, black-brown eumelanin and redyellow pheomelanin. 12) TYR catalyzes two initial steps in the biosynthetic pathway, the hydroxylation of tyrosine to 3,4-dihydroxyphenylalanine (DOPA) and the oxidation of DOPA to DOPA-quinone. DOPAquinone then enters two separate pathways, leading to the synthesis of eumelanin or pheomelanin. TRP2 is also known as DOPA-chrome tautomerase (DCT). 13) TRP1 and DCT contribute more to the synthesis of eumelanin than to that of pheomelanin. 14, 15) Microphthalmia-associated transcription factor (MITF) is a transcription factor found in a number of cell types and is involved in the regulation of melanocyte differentiation, pigmentation, proliferation, and survival. 16, 17) More specifically, MITF is a major transcriptional regulator of the tyrosinase gene family. 11, 18) The promoters of the Tyr, Trp1, and Dct genes contain the MITF consensus E-box sequence. 19, 20) -MSH, a physiological ligand that binds to melanocortin-1 receptor (MC1R), potently induces expression of Mitf through the elevation of cyclic adenosine monophosphate (cAMP) levels, leading to increased expression of Tyr and other melanogenic enzymes, which ultimately increases melanin synthesis. 21) Elephantopus mollis H.B. and K. (Compositae) is known as ''peh-teng-khia-u'' in Formosan folklore and is used as a herbal remedy. 22) It is also found in the Ogasawara and Okinawa regions of Japan. 23) Here, we report the inhibitory effect of an extract of the E. mollis plant on melanogenesis in B16 murine melanoma cells and possible mechanisms of inhibition.
Materials and Methods
Plant material. Leaves of E. mollis, certified and cultivated in Indonesia, were collected in October 2004 and used to prepare the test solution.
Preparation of the test solution. Air-dried leaves of E. mollis (10 g) were pulverized and extracted with 1,3-butanediol (150 ml) at room temperature for 1 week, and then filtered. The filtrate was decolorized using activated carbon (300 mg) and ethanol (100 ml) at room temperature for 2 h. After the removal of activated carbon and ethanol, the residual solution was kept at 5 C for 3 d and then filtered. The test solution (100 g) was obtained by adding 1,3-butanediol to the filtrate.
Cell culture. B16 murine melanoma cells were maintained as a monolayer culture in Eagle's minimum essential medium (Nissui Pharmaceutical, Tokyo) supplemented with 10% fetal bovine serum (MP Biomedicals, Aurora, OH) at 37 C in a humidified atmosphere of 5% CO 2 .
y To whom correspondence should be addressed. Tel: +81-45-590-6047; Fax: +81-45-590-6087; E-mail: kiyotaka.hasegawa@to.shiseido.co.jp Biosci. Biotechnol. Biochem., 74 (9), 1908-1912, 2010 Cell viability assay and measurement of melanin content. B16 murine melanoma cells were plated on 100-mm dishes at a density of 1 Â 10 6 cells per dish and incubated. After overnight incubation, the medium was replaced with sample-containing medium. After incubation of the cells with samples for 3 d, the medium was removed and replaced with 10% Alamar Blue solution (Invitrogen, Camarillo, CA) and this was further incubated. After 30 min, 100 ml of the supernatants were transferred to 96-well plates for measurement of fluorescence (excitation 544 nm, emission 590 nm). To measure the melanin content, the Alamar Blue solution was removed from the dishes and the cells were solubilized in 1 ml of phosphate-buffered saline containing 1% Triton X-100 (Nacalai Tesque, Kyoto) for 10 min. The cell lysates were collected and centrifuged at 13,000 rpm for 10 min. The supernatant was removed and the pellet was air-dried. One M NaOH (Wako Pure Chemical Industries, Osaka) was added to the pellet, and the amount of melanin was determined by measuring the absorbance at 475 nm.
Antibodies. Primary antibodies used were anti-TYR (H109; Santa Cruz Biotechnology, Santa Cruz, CA), anti-TRP1 (PEP1; a gift of Dr. Vincent Hearing, NIH, Bethesda, MD), anti-MITF (C5; Thermo Scientific, Waltham, MA), and anti--actin (C4; Millipore, Billerica, MA). Horseradish peroxidase (HRP)-conjugated secondary antibodies were purchased from GE Healthcare (Buckinghamshire, UK).
Western blotting. After incubation in sample-containing medium for 48 h, the cells were solubilized in cell lysis buffer containing 50 mM Tris-HCl (pH 7.5) (Sigma, St. Louis, MO), 150 mM NaCl (Wako), 1% Triton X-100, 100 mM Na 3 VO 4 , and protease inhibitor cocktail (Nacalai Tesque) for 10 min on ice. After centrifugation at 15,000 rpm for 10 min at 4 C, the supernatants were used as cell extracts. Protein concentrations were measured using a BCA protein assay kit (Pierce, Rockford, IL). The cell extracts were mixed with Laemmli sample buffer (2Â; Bio-Rad Laboratories, Hercules, CA), supplemented with 5% 2-mercaptoethanol (Wako) and boiled at 95 C for 5 min. Total protein (10 mg) from each extract was separated by sodium dodecyl sulfate-polyacrylamide gel electrophoresis on 7.5% gels (Bio-Rad) and transferred to Immobilon-P membranes (Millipore). The membranes were processed as described in the user's guide for the SNAP i.d. Protein Detection System (Millipore). Briefly, after the blot holders containing the blots were placed in the SNAP i.d. system, blocking buffer containing 20 mM Tris-HCl (pH 7.5), 150 mM NaCl, 0.1% Tween 20 surfactant (Nacalai Tesque), and 0.5% skim milk (Wako) was added, and a vacuum was immediately imposed. Primary antibodies, diluted 3:2,000 in blocking buffer, were added to the blot holders and incubated for 10 min at room temperature. A vacuum was imposed and the membranes were washed 3 times with Tris-buffered saline containing 20 mM Tris-HCl (pH 7.5), 150 mM NaCl, and 0.1% Tween 20 surfactant (TBST). After the vacuum was nullified, the membranes were incubated with HRP-conjugated secondary antibody diluted 3:2,000 in blocking buffer for an additional 10 min at room temperature. A vacuum was imposed once again and the membranes were washed 3 times with TBST. The probed membranes were incubated by the ECL Plus Western Blotting Detection System (GE Healthcare) following manufacturer's instructions.
Quantitative reverse transcriptase polymerase chain reaction (RT-PCR).
After incubation in sample-containing medium for 24 h, RNAs were extracted using a QIAshredder and RNeasy Mini Kit (Qiagen, Hilden, Germany) following manufacturer's instructions. Reverse transcription reactions were performed with SuperScript II Reverse Transcriptase (Invitrogen) following manufacturer's instructions, using 250 ng of total RNA. Expression of the Tyr, Mitf, and 
Statistics. Differences between means were assessed for significance by Student's t-test.

Results
Effects of E. mollis extract on melanogenesis in B16 murine melanoma cells
To determine the cytotoxicity of E. mollis extract on B16 murine melanoma cells, we performed a cell viability assay. As shown in Fig. 1A , the E. mollis extract was not cytotoxic to B16 murine melanoma cells after 72 h of incubation at any concentration tested. Then we examined the effect of E. mollis extract on melanogenesis in B16 murine melanoma cells. We quantified the synthesized melanin content per cell, and found that the E. mollis extract significantly reduced the melanin content of B16 murine melanoma cells (Fig. 1A) . After 72 h of incubation, 0.3% E. mollis extract reduced the melanin content by 40%. The reduction in melanin content remained significant even when 0.05% E. mollis extract was used. These results correlate well with the visible appearance, as shown in Fig. 1B . These results indicate that the E. mollis extract had an inhibitory effect on melanin production in B16 murine melanoma cells, with no cytotoxicity.
Effects of E. mollis extract on the expression of Tyr and Trp1
To study the possible mechanisms involved in the inhibition of melanin synthesis in cells treated with the E. mollis extract, the protein expression levels of melanogenic proteins such as TYR and TRP1 were evaluated by western blotting. The results indicated that the expression levels of TYR and TRP1 decreased markedly in cells treated with the extract ( Fig. 2A) , as compared to the control. To determine whether the observed decrease in the expression of TYR in extracttreated cells was the result of decreased gene transcription, quantitative RT-PCR was performed to measure the degree of Tyr mRNA expression in those cells. The extract downregulated Tyr mRNA expression in a dose-dependent manner (Fig. 2B) . In comparison to the untreated control, expression at 0.1% and 0.2% E. mollis extract decreased 0.49-and 0.71-fold, respectively.
Effects of E. mollis extract on the expression of Mitf and Mc1r
MITF is a factor that transactivates melanogenic genes such as Tyr, Trp1, and Trp2. As shown in Fig. 3A , the E. mollis extract decreased the protein expression level of MITF, supporting the observation that TYR and TRP1 expression levels dropped concurrently with a reduction in MITF protein levels after treatment with the E. mollis extract. Furthermore, quantitative RT-PCR analysis revealed that the extract downregulated Mitf mRNA expression ( Fig. 3B ). In comparison with the untreated control, expression at 0.1% and 0.2% E. mollis extract decreased 0.12-and 0.37-fold respectively.
We further evaluated the expression level of Mc1r by quantitative RT-PCR. As shown in Fig. 3B , expression of Mc1r mRNA was also downregulated by the E. mollis extract. These results suggest that the extract modulated Mitf expression, and thus exerted a regulatory effect on the expression of Mc1r.
Discussion
In the present study, we evaluated the inhibitory effect of an extract of the E. mollis plant on melanogenesis in B16 murine melanoma cells. We treated B16 murine melanoma cells with the extract to test its cytotoxicity, and confirmed that it was not cytotoxic at concentrations up to 0.3% (Fig. 1A) . The E. mollis extract at 0.3% significantly reduced the melanin content, by 40%. The reduction in melanin content remained significant even with 0.05% extract.
The first two steps in the melanin synthesis pathway are mediated by the enzyme TYR, which is considered the major enzyme involved in melanogenesis; any reduction in the amount of enzyme results in a corresponding reduction in the amount of melanin synthesized. 25) To investigate the mechanisms underlying the inhibition of melanogenesis, the effect of the E. mollis extract on the expression of Tyr and its related gene Trp1 were examined. As Fig. 2 indicates, the antimelanogenesis effect of the E. mollis extract is probably due to reduced Tyr and Trp1 expression levels.
Tyr expression inhibition might mean suppression of transcription factors, such as MITF, that directly control Tyr expression. MITF is a member of a basic helix-loophelix-leucine-zipper (bHLH-LZ) transcription factor family that controls Tyr and Trp1 expression by binding to the M-box and E-box, a consensus sequence to which bHLH-LZ transcription factors bind. 20, 26, 27) The E. mollis extract decreased the expression level of Mitf (Fig. 3) , resulting in a corresponding downregulation of Tyr and Trp1 expression. Among Tyr and Mitf, Tyr expression was more strongly inhibited ( Figs. 2 and 3 ). This might have been due to a direct effect of the E. mollis extract on Tyr expression that did not involve Mitf expression level.
In addition, the E. mollis extract decreased the expression level of Mc1r (Fig. 3B) , the -MSH receptor. MC1R binds its ligand, -MSH, and induces cAMP synthesis in melanocytes, leading to upregulation of melanogenesis. 21 A, B16 cells were treated without (control) or with 0.1 and 0.3% E. mollis extract for 48 h. Total proteins were extracted, and the expression levels of TYR, TRP1, and -actin were determined by western blotting. B, B16 cells treated without (control) or with 0.1 and 0.2% E. mollis extract for 24 h. RNA isolation and quantitative RT-PCR were performed. Results represent the mean AE SD for three independent experiments. Significantly different from control value: p < 0:01 ( ÃÃ ), 0.001 ( ÃÃÃ ). E-box is present immediately upstream of the transcriptional initiation site. 28, 29) The presence of an E-box suggests the possibility that MITF regulates Mc1r gene expression by the same transcriptional mechanism as Tyr and Trp1. 28) Thus MITF appears to play a central role in the expression of the enzymes and receptors essential to melanogenesis. By downregulating MITF expression, the E. mollis extract not only downregulates the expression of the tyrosinase gene family but also desensitizes cells to -MSH, leading to a positive feedback mechanism of antimelanogenesis ( Fig. 4) .
In Asia, the use of cosmetics to make the skin whiter is widespread as a result of traditional beliefs. A number of melanin synthesis inhibitors, including arbutin (hydroquinone--D-glucopyranoside) and kojic acid, have been used as cosmetic additives. [30] [31] [32] [33] However, there is a continuing need to find more effective skin-whitening agents. Our results here indicate that the E. mollis extract is a useful depigmenting agent that has no cytotoxic effects, at least on B16 murine melanoma cells. Given this significant effect on melanogenesis regulation, the extract can be useful as a skin-whitening agent. 
